Rac1-regulated dendritic spine remodeling contributes to neuropathic pain after peripheral nerve injury.
Although prior studies have implicated maladaptive remodeling of dendritic spines on wide-dynamic range dorsal horn neurons as a contributor to pain after spinal cord injury, there have been no studies on dendritic spines after peripheral nerve injury. To determine whether dendritic spine remodeling contributes to neuronal hyperexcitability and neuropathic pain after peripheral nerve injury, we analyzed dendritic spine morphology and functional influence in lamina IV-V dorsal horn neurons after sham, chronic constriction injury (CCI) of the sciatic nerve, and CCI treatment with NSC23766, a selective inhibitor of Rac1, which has been implicated in dendritic spine development. 10 days after CCI, spine density increased with mature, mushroom-shaped spines preferentially distributed along dendritic branch regions closer to the cell body. Because spine morphology is strongly correlated with synaptic function and transmission, we recorded the response of single units to innocuous and noxious peripheral stimuli and performed behavioral assays for tactile allodynia and thermal hyperalgesia. Wide dynamic range dorsal horn neurons of CCI animals exhibited hyperexcitable responses to a range of stimuli. They also showed reduced nociceptive thresholds in the ipsilateral hind paw. 3-day treatment with NSC23766 significantly reduced post-CCI spine dimensions and densities, and attenuated injury-induced hyperexcitability. Drug treatment reduced behavioral measures of tactile allodynia, but not for thermal hyperalgesia. Together, our results demonstrate that peripheral nerve injury induces Rac1-regulated remodeling of dendritic spines on dorsal horn neurons, and suggest that this spine remodeling contributes to neuropathic pain.